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An ADRC encoder generates, regarding an 
ADRC block of 4x4 pixels. DR. MIN and quan- 
tized data corresponding to each pixel. A macro 
block formatting circuit generates code data 
DR, MIN and DT of four ADRC blocks. An adding 
circuit generates sum data (DR =DR1 + DR2 + 
DR3 + DR4, same calculation regarding MIN) of 
important data in the macro block. Mixing cir- 
cuits insert the sum data into recording data as 
additional data. The sum data and the important 
data are distributed and recorded in plural 
channels. If one of the important data has an 
error and the remaining important data and the 
sum data have no error, the important data with 
the error can be completely corrected. Error 
correction of the important data and the quan- 
tized data generated by block encoding is effec- 
ted with restrained increase in redundancy. 
Input data which has been reproduced and 
DCT-decoded is supplied to and is converted 
into 3x3 block format by a 3-line memory and 
block formatting circuit . An ADRC encoding 
circuit generates encoded data DTx of a center 
pixel data and data DT which is made up of 
peripheral 8 pixel data. A timing aligning circuit 
generates class information comprising 8 pixel 
data and the class information is supplied to a 
memory as a read address. Memory stores exis- 
ting-range data and predicted data DTx" 
through in-advance training. An error is detec- 
ted by comparing the existing-range data arid 
reproduced data DTx and when there is an 
error, predicted data DTx is selected. Error 
correction of received or reproduced image 
data is effected without using an error correc- 
tion code. 
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1 EPi 

This invention relates to data transmission appa- 
ratus for transmitting (including recording and/or re- 
producing) code data, and is applicable for example 
to a digital video tape recorder (VTR) where digital 
video signals are encoded by block encoding to com- 
press the amount of data so that the digital video sig- 
nals are divided into small blocks and are processed 
block by block. 

When digital video signals are recorded on a re- 
cording medium such as a magnetic tape, it is con- 
ventional to compress the digital video signals by 
high-efficiency encoding in order to make the trans- 
mission rate low enough to record/reproduce, be- 
cause the data amount of the digital video signals is 
large. Block encoding, such as ADRC (Adaptive Dy- 
namic Range Coding) and OCT (Discrete Cosine 
Transform), which divide digital video signals into 
small blocks and encodes them block by block, are 
known as high-efficiency encoding techniques. 

ADRC is a high-efficient encoding which calcu- 
lates a dynamic range defined by maximum and mini- 
mum levels of pixel data among plural pixels included 
in a two-dimensional block, and encodes the pixel 
data in accordance with the dynamic range, as descri- 
bed in Japanese Laid-open patent 61-144989. DCT is 
to cosine- transform pixels in a block, to re-quantize 
co-efficient data obtained by the cosine-transforma- 
tion, and to encode them by variable-length encod- 
ing. Another encoding method has been suggested in 
which data averages of every blocks and the differ- 
ence between each pixel data and the average in 
each block are vector-quantized. 

Code outputs resulting from a block encoding do 
not have equal importance. In ADRC. if dynamic 
range information is unknown at the reproducing 
side, errors extend to all pixels of that block. There- 
fore, the dynamic range information which is obtained 
for every blocks is more important than the code sig- 
nal which is obtained for every pixels. In one type of 
ADRC in which the number of bits for quantization va- 
ries depending upon the dynamic range, if there is an 
error about the dynamic range, the number of bits for 
quantization of that block cannot be identified at the 
receiving side. As a result, the boundaries between 
that block and other blocks become unknown so that 
errors extend to the other blocks. Among coefficient 
data generated in DCT encoding, a DC (direct cur- 
rent) component is more important than AC (alternat- 
ing current) components. A refresh data in DPCM en- 
coding is also important data. 

When outputs of block encoding are recorded/re- 
produced by a digital VTR, for example, an error cor- 
rection code is used to protect data against record- 
ing/reproducing errors. When an important data hap- 
pens to have an error which the error correction code 
cannot correct, the error extends to the whole block. 
To cure the problem, the same important data is re- 
corded twice at locations separate enough to be not 
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subject to a burst error. However, redundancy would 
increase and efficiency of data compression would be 
lowered. 

With respect to a block having an error in impor- 
5 tant data, the error of the important data is statistical- 
ly presumed based upon spacial correlation between 
that block and peripheral blocks. In the more con- 
crete, A least-squares method using the code data of 
the error block and the decoded data located at boun- 
10 dartes of the peripheral blocks may be also used to 
presume the important data in the error block. The 
maximum and minimum values of boundary data of 
the peripheral blocks may be used to presume the im- 
portant data. The presumed important data is used 
15 for decoding. Even though the important data is pre- 
sumed with high accuracy, original important data 
cannot be restored completely. In addition, finding 
boundaries between each data block correctly is nec- 
essary to presume the important data. Therefore, if 
20 an error extends to several blocks, the important data 
cannot be presumed. 

When digital video signals are recorded/repro- 
duced in a digital VTR for example, it is also conven- 
tional to use error correction coding for correcting er- 
25 rors. As an error correction code, simple parity, 
Read-Solomon code and a combination of these and 
interleaving have been practically used. 

However, when an error correction code is used, 
redundancy of data increases due to an increase in 
30 the number of parity bits in order to improve an error 
correction ability. When the error cannot be correct- 
ed by the error correction code, a conceal circuit 
would be necessary to interpolate pixel having an er- 
ror with peripheral correct pixel data. .Data such as a 
35 computer software generally has no correlation. 
However, video signals have a correlation in space 
and in time. 

Preferred embodiments of the invention descri- 
bed below provide: a data transmission apparatus for 

40 transmitting (including recording and/or reproducing) 
block code data, which can correct errors of impor- 
tant data or quantized data, with restrained increase 
of redundancy; a data transmission apparatus for 
transmitting (including recording and/or reproducing) 

45 digital video signals without using an error correction 
code, taking advantage of spacial correlation of the 
video signals; and a data transmission apparatus for 
transmitting digital data having a correlation such as 
video signals and for correcting data having errors 

50 without using an error correction code. 

There is provided, in accordance with one aspect 
of the present invention, a data transmission appara- 
tus for transmitting block code data generated by 
block encoding in which a block of plural pixels prox- 

55 imate in space is encoded as a unit of encoding to 
compress a data amount for the transmission, where- 
in the block code data includes important data which 
has high importance for decoding purpose, the trans- 

3 
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mission apparatus being characterize,: I in that a sum 
data of the plural important data » formed, the sum 
dam is ransmitted in time and space different from 
ha"o the plura. important data: and the P"--"^ 
tant data are restored from t he received sum data and 
the received plural important data. 

in another aspect of the present invention there 
is provided a data transmission apparatus for trans 
mit"n 9 block code data generated by block encoding 
"which a block of plural pixels proximal no spac hs 
encoded as a unit of encoding to compress a data 
amount for the transmission, wherein the block xode 
dTta includes important data ^^^J^ 
tance for decoding purpose and where.n the block 

code da« is transmitted in P,Ura ' channe,S> ,! he tra °^ 
mission apparatus being characterized in that a sum 

d^a is formed by operating the fewer number of the 
important data than the number of the channels the 
sum S s transmitted in a channel other than chan- 
nel constituting the sum data: and the plura. .moor- 
tant data are restored from the recerved sum data and 
the received plural important data. 

,n another aspect of the present .nvenf or there 
is provided a data transmission apparatus for trans 
miSng block code data generated by -Mod. «d«J 
in which a block of plural pixels P' ox,m ** J" * P ""* 
encoded as a unit of encoding to -J-jJ 
amount for the transmission. ^ e «' n ; he ;'° h < * | !°^ 
data indudes important data wh,ch has h,gh .mpor- 
tance for decoding purpose, the transm.ss.on appa- 
3 a us big characterized in that: a weightec . average 
data is formed for the plural important data, the 
weighted average data is transmitted in t.me and 
sZe different from that of the plura, ^^Xe 
and the plural important data are restored from the 
recewi weighted average data and the rece.ved plu- 
ral important data. there 
,n another aspect of the present w™*™-*™* 
is provided a data transmission apparatus for trans- 
miSg b.ock code data generated by block encodmg 
"which a block of plural pixels P"*«™«^£ 
encoded as a unit of encoding to wj-m« 
amount for the transmission, wherein "ock cod e 
data includes important. data which has h«h ^rnpor 
tance for decoding purpose, the transm.ss.on appa- 
ratus being characterized in that: a sum data is 
ormed for a unit of the plural important data by op- 
eralg the plural important data in that un.t and at 
realTone important data in another unit: the sum data 
transmitted in time and space differen f rom t ha 
of the plural important data: and the plural .mportant 
data are restored from the received sum data and the 
received plural important data. 

.n another aspect of the present .nvenf on there 
is provided a data transmission apparatus for trans- 
mi«7ng b.ock code dam generated by bio* ^encod^ 
in which a block of plura. pixels prox,mate .n pace .s 
encoded as a unit of encoding to compress a data 



amount for the transmission, wherein the block code 
data includes important data which 
tance for decoding purpose, the transm.ss.on appa 
ratus being characterized in that a sum data js 
5 o med for a unit of the plural important data by op- 
erating the plural important data in that ^un.t and at 
.east one important data in another un.t. where.n a 
, ype of the plural important data changes regu.arty. 
the sum data is transmitted in time and space . d.ffer- 
, 0 entf rom that of the plural important data: and the plu- 
ral important data are restored from the rece.ved sum 
data and the received plural important data. 

In another aspect of the present ™ent. on, there 
is provided a data transmssion apparatus for trans- 
f5 mi«7ng b.ock code data generated by bta* encoding 
in which a block of plura. pixels prox.mate m spaces 
encoded as a unit of encoding to compress a data 
amount for the transmission, wherein the bo* code 
data includes plural data, the «™™*™ a »*™** 
20 being characterized in that: a sum data of the p ural 
5a a is formed: the sum data is transmitted .n t.me 
and space different from that of the plural da*: when 
one of the received plural data has an errorthe data 
having an error is restored from the sum date and he 
25 remaining plural data having no error. 

of the received data have errors, an .nterpolated date 
is ormed by interpolating the data having an error ." 
space or in time: and the errors of the receded plural 
Sm are corrected based upon the interpolated, date 

30 and the sum data. .. fhpre 

In another aspect of the present .nvent.on there 
is provided a data transmission apparatus for trans- 
miuTng block code data generated by block encoding 
rich a block of plural pixels proximate .n space . 
35 encoded as a unit of encoding to compress a data 
" amount for the transmission, wherein the bloc* .code 
data includes plural data, the transm.ss.on apparatus 
being characterized in that: a sum data .s formed by 
adding bit data from MSB to a V**"™ 6 **^ 
^ ftion with respect to the plural data; the sum data .s 
" ansmL in' time and space different from tha^ 
the plural data: and the plural data are restored 1 from 
the received sum data and the recerved P«£ 

As described above, important data .n ADRC are 
4S dynamic range DR and minimum value M.N. The sum 
d ata * n dynamic range data DR and the sum data 
o?n minimum data M.N are inserted into ^ ed 
data If one of ORs and MINs has an error and the 
sum data and the other important data have no error 

M ,he correct important data can be reproduced at the 
receiving side. Redundancy can be lower than when 
heTame important data is recorded several t.mes. 

A data transmission apparatus for transmit ng 
digital video signals according to further aspect of the 
„ present invention, comprises an error detect.ng c.r- 
" J for detecting errors of received or reproduced 
nioital video signals, wherein the error detectmg c.r- 
cuiuomphses a clustering circuit for clustering based 
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upon plural pixel signals proximate in space or in time 
to a pixel to be detected, a memory circuit for storing 
existing-range data which has been provided in ad- 
* vance by training for each class, a reading circuit for 
reading out the existing-range data for an class cor- 5 
responding to an address data which is defined by the 
output of the clustering circuit and a comparing circuit 
for comparing the output of the reading circuit and the 
pixel data of the pixel to be detected, whereby wheth- 
er an error exist or not is detected based upon the out- 10 
put of the comparing circuit. 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 
for transmitting digital video signals, wherein the 
memory circuit further stores information regarding is 
representative data for each class, and wherein the 
pixel data to be detected is substituted with represen- 
tative data formed based upon the information re- 
garding representative data when the existence of an 
error is detected based upon the output of the com- 20 
paring circuit 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 
for transmitting digital video signals, wherein the re- 
produced or received digital video signals are encod- 25 
ed video signals, the apparatus further comprises a 
decoding circuit for decoding the encoded video sig- 
nals, and the clustering circuit clusters based upon 
the decoded outputs of plural pixel data proximate to 
the pixel data to be detected. 30 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 
for transmitting digital video signals, wherein the en- 
coded video signals are made by variable-length en- 
coding of coefficient data obtained by OCT. 35 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 
for transmitting digital video signals, wherein the 
clustering circuit comprises an AORC encoding circuit 
and is supplied with the pixel data to be detected and 40 
the plural pixel data proximate thereto, and among 
the encoded data the encoded data corresponding to 
the plural pixel data are used as a class information. 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 45 
for transmitting digital video signals, wherein the ex- 
isting-range defining data is the maximum and mini- 
mum of actual data detected for each class. 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 50 
for transmitting digital video signals, wherein the in- 
formation regarding representative data is an aver- 
age of the actual data detected for each class. 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 55 
for transmitting digital video signals, wherein the ex- 
isting-range defining data is coefficient data which is 
operated with the plural proximate pixel data, and an 



error allowance information. 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 
for transmitting digital video signals, wherein the in- 
formation regarding representative data is coefficient 
data which is operated with the plural proximate pixel 
data and wherein the representative data results 
from the operation of the coefficient data and the plu- 
ral proximate pixel data. 

In another aspect of the present invention, there 
is provided the above data transmission apparatus 
for transmitting digital video signals, wherein the ap- 
paratus further comprises a counter circuit for count- 
ing the number of pixels having detected errors in a 
certain period and wherein the error allowance infor- 
mation can vary in accordance with the output of the 
counter circuit. 

As described above, by clustering based upon a 
pixel to be detected and its peripheral data and by 
comparing signal level range of the current pixel pro- 
vided for each class with the actual level, an error is 
detected based upon its probability and the pixel hav- 
ing the detected error is corrected by substituting it 
with a predicted data which had been provided for 
each class. 

The invention will now be further described, by 
way of illustrative and non-limiting example, with ref- 
erence to the accompanying drawings, in which: 

Fig. 1 is a block diagram of an example of a re- 
cording circuit for a digital VTR to which the present 
invention can apply. 

Fig. 2 shows an example of a recording pattern 
in an embodiment of the present invention. 

Fig. 3 shows an example of a construction of a 
ADRC block in an embodiment of the present inven- 
tion. 

Fig. 4 shows an example of a construction of a 
macro block in an embodiment of the present inven- 
tion. 

Fig. 5 is a block diagram of an example of a re- 
producing circuit for a digital VTR to which the present 
invention can apply. 

Fig. 6 is a block diagram of an example of a sum 
data generating circuit in an embodiment of the pres- 
ent invention. 

Fig. 7 is a timing chart for explanation of a sum 
data generating circuit in an embodiment of the pres- 
ent invention. 

Fig. 8 is a block diagram of another example of a 
mixed sum data generating circuit 

Fig. 9 is a timing chart for explanation of another 
example of a mixed sum generating circuit 

Fig . 10 is a block diagram of further example of 
a mixed sum generating circuit. 

Fig. 11 is for explanation of further example of a 
mixed sum generating circuit 

Fig. 12 is a timing chart for explanation of further 
example of a mixed sum generating circuit 
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Fig. 13 is a block diagram of still further example 
of a mixed sum generating circuit. 

Fig. 14 is a timing chart for explanation of still 
further example of a mixed sum generating circuit. 

Fig. 15 is a drawing for explanation of a mixed 
sum generating circuit which applies to quantized 
data. 

Fig. 16 is an overall block diagram of a record- 
ing/reproducing circuit for a digital VTR to which the 
present invention can apply. 

Fig. 17 is a block diagram of an example of a cor- 
rection circuit according to the present invention. 

Fig. 1 8 is a block diagram of an example of a con- 
struction for forming a data for correction. 

Fig. 19 is a drawing for explanation of block for- 
matting. 

Fig. 20 is a block diagram of an example of 1-bit 
AORC encoding circuit. 

Fig. 2 1 is a block d iagram of an example of a prac- 
tical construction for forming a data for correction. 

Fig. 22 is a block diagram of another example of 
a correction circuit according to the present inven- 
tion. 

Fig. 23 is a block diagram of another example of 
a construction for forming a data for correction. 

Fig. 24 is a block diagram of further example of 
a correction circuit according to the present inven- 
tion. 

Fig. 25 is a drawing for explanation of the further 
example of a correction circuit according to the pres- 
ent invention. 

Fig. 26 is a drawing for explanation of error cor- 
rection circuit according to the present invention. 

An embodiment of the present invention will be 
described hereinafter. Fig. 1 shows an embodiment, 
that is, an outline construction of signal processing 
for a digital VTR. Digital video signals are supplied 
from an input terminal 1. This input signals have 8-bit 
data for each pixel, for example. The input digital vid- 
eo signals are supplied to a block-formatting circuit 2. 
In this embodiment, block-formatting circuit 2 divides 
a valid area of one frame into blocks each having 4x4 
pixels. 8x8 pixels, or something like that. 

Block-formatting circuit 2 supplies to an ADRC 
encoder 3 digital video signals which had been scan- 
converted in the order of the blocks. ADRC encoder 
3 compresses pixel data block by block. ADRC encod- 
er 3 supplies encoded output to a macro-block-mak- 
ing circuit 4. A macro block comprises a plurality of 
ADRC blocks which have been made by block- 
formatting circuit 2. 

ADRC encoder 3 detects dynamic range OR and 
minimum value MIN of each block. ADRC encoder 3 
re-quantizes the video data less minimum value MIN 
by a quantizing step. In ADRC using a fixed 4-bit 
length, quantizing step a can be obtained by dividing 
dynamic range DR by 16. The video data less the 
minimum value is divided by quantizing step A. Inte- 
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gral part of quotient is a quantized data DT. Dynamic 
range DR. minimum value MIN and quantized data 
DT are output data of ADRC encoder 3. Each block 
has dynamic range DR and minimum value MIN as 

5 important data. 

Macro block-formatting circuit 4 generates coded 
data of macro blocks. Quantized data DT of the macro 
blocks are supplied to an error correction encoder 5. 
Dynamic range DR and minimum value MIN of the 

w macro blocks are supplied to an adding circuit 6. Add- 
ing circuit 6 generates the sum data DRX of plural dy- 
namic ranges DRs and the sum data MINI of plural 
minimum values MINs included in a macro block. 
These sum data are supplied through memories 

is 7 and 8 to mixing circuits 9 and 10. Original important 
data (DR. MIN), which have been through adding cir- 
cuit 6. are supplied to mixing circuits 9 and 10. The 
outputs of mixing circuits 9 and 10 are supplied to er- 
ror correction encoder 5. 

20 The outputdata of ADRC encoder 3 is supplied to 

error correction encoder 5. Error correction encoder 
5 generates a parity of an error correction code. A 
product code can be utilized as an example of the : er- 
ror correction code. In a product code, data are ar- 

25 ranged as a matrix and error correction encoding ap- 
plies to each of horizontal and vertical directions of 
the matrix. Block synch signal (SYNC) and ID signal 
are added to the code data and the parity. Record 
data having continual synch blocks are supplied to a 

30 channel encoder 11 which channel-encodes the re- 
cord data in order to reduce a direct current compo- 
nent. 

The outputdata of channel encoder 11 is supplied 
to a head interleave circuit 12. Head interleave circuit 

35 1 2 generates six channels of record data. Head inter- 
leave circuit 1 2 supplies each channel of the record 
data through a recording amplif ier 1 3 to rotary heads 
H1-H6. Head interleave circuit 12 interleaves the re- 
cording data among the plural channels. Rotary 

40 heads H1-H6 simultaneously form six tracks on a 
magnetic tape T. 

Fig. 2 shows a recording pattern formed on mag- 
netic tape T. Respective slant tracks corresponding 
to respective heads H1 - H6 have respective refer- 

45 ences CH1 - CH6. 

In this embodiment, as shown in Fig. 3. one 
ADRC block has (4x8) pixels. Assuming that a valid 
area of one field of video has (240 lines x 720 pixels). 
(60 x 90) ADRC blocks are formed in one field, as 

50 shown in Fig. 4. Further assuming that a macro block 
has (2x2 = 4) ADRC blocks, adding circuit 6 carries 
out the following adding calculations to generate the 
sum data DRX and MINI. 

DRI = DR1 ♦ DR2 ♦ DR3 ♦ DR4 

55 MINI a MINI ♦ MIN2 ♦ M1N3 +.MIN4 

When each important data is 8-bit data, 10-bit sum 
data is generated. 

As shown in Fig. 4. head interleave circuit 12 dis- 

6 
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tributes four important data and their sum data into 
different channels. For example, when each code 
data of four ADRC blocks of an upper-left cornered 
macro block in Fig. 4 is recorded in CH1. CH2, CH3, . 
and CH4, respectively, the sum data DRI and MINI, 5 
which are the sum of the important data of these 
ADRC blocks, are recorded in the first channel (CH6) 
of the following macro block (right hand sided macro 
block). 

In this way. the four important data and the sum 10 
data of them are recorded in different channels. 
Therefore, even if the whole data of the first channel 
cannot be reproduced due to a head clog, for exam- 
ple, the important data of the first channel can be cor- 
rected as follows. 15 
DR1 = DRI - DR2 - DR3 - DR4 
MINI = MINI - MIN2 - MIN3 - MIN4 

When important data of each block is recorded 
twice, as in prior art, additional 16 bits are necessary 
per one ADRC block. On the other hand, according to 20 
the present invention, since additional 20 bits are 
necessary per one macro block, only additional 5 bits 
are necessary one ADRC block and perfect correc- 
tion can be achieved. 

Referring to Fig. 5. a reproducing circuit which 25 
corresponds to the recording circuit as shown in Fig. 
1 will be described. Each channel of reproduced data 
reproduced from magnetic tape T by six rotary heads 
H1-H6 is supplied through a reproducing amplifier 14 
to a head de-interleave circuit 15. Head de-interleave 30 
circuit 15 de-interleaves the reproduced data which 
had been interleaved by head interleave circuit 12 at 
the recording side. 

Head de-interleave circuit 15 supplies its output 
data to a channel decoder 16 which channel-decodes 35 
the supplied data. Channel decoder 16 supplies its 
output data to an error correction circuit 17 which de- 
codes the product code. The output data of error cor- 
rection circuit 17 includes, in addition to the repro- 
duced data, an error flag to show whether an error ex- 40 
ists after the error correction. 

Important data DR and MIN included in the output 
data of error correction circuit 17 are corrected by the 
above algorism. Dynamic range DR of a macro block 
is supplied to a separation circuit 18. Separation cir- 4$ 
cuit 18 separates the sum data DRI and DRi. A latch 
19 latches the sum data DRI and the error flag and 
a memory 20 stores DRi and the error flag. 

Latch 19 supplies the sum data DRI through a 
gate circuit 21 to an operating circuit 25. Latch 1 9 also so 
supplies the error flag to a detecting circuit 22 whose 
output is supplied to gate circuit 21 and operating cir- 
cuit 25. Memory 20 supplies Fri and the error flag to 
a gate circuit 23 and a detecting circuit 24. Gate circuit 
23 is controlled by a detecting signal from detecting 55 
circuit 24. Outputs of gate circuit 23 and detecting cir- 
cuit 24 are supplied to operating circuit 25. 

The same circuit construction as the above- 



explained one for the error correction of dynamic 
range DR is provided for the error correction of mini- 
mum value MIN. Circuit blocks for minimum value 
MIN will have reference numerals which are made up 
by adding ten and the reference numerals used for 
the circuit blocks for dynamic range DR. Explanation 
thereof will be omitted. 

Corrected dynamic range from operating circuit 

25, corrected minimum value MIN from operating cir- 
cuit 35 and code data DT from error correction circuit 
17 are supplied to a macro block deformatting circuit 

26. Macro block deforming circuit 26 deforms the 
supplied data into reproduced data of every ADRC 
block. The reproduced data of each ADRC block are 
supplied to an ADRC decoder 27 where ADRC decod- 
ing process is done. 

In ADRC decoding where the bit number of quan- 
tized code is 4 bits, decoded data Li is generated for 
every pixel. Decoded data Li is expressed as follows : 
Li = [(DR/2 4 ) x xi + MIN ♦ 0.5] 
[A « xi + MIN + 0.5] 

Xi is a value of code signal. A is a quantizing step 
and [ ] means a gaussian mark. Calculation inside [ ] 
mark can be achieved by using a ROM, for example. 
ADRC decoder 27 has a function of adding minimum 
value MIN. 

ADRC decoder 27 supplies its output to a block 
deformatting circuit 28. Block deformatting circuit 28 
changes back the order of data from a block order to 
a raster-scan order. The reproduced data is obtained 
at an output terminal 29 of block deformatting circuit 
28. If necessary, output terminal 29 may have an er- 
ror interpolation circuit The error interpolation circuit 
interpolates a pixel data having an error with periph- 
eral pixel data. 

Fig. 6 shows one example of gate circuits 21 and 

23 and operating circuit 25. DRi is supplied to an input 
terminal 41. The detect signal from detecting circuit 

24 is supplied to an input terminal 42. The sum data 
DRI is supplied to an input terminal 43. The detect 
output from detecting circuit 22 is supplied to an input 
terminal 44. Gate circuit 23 supplies DRi to an accu- 
mulating circuit 47 and an arrangement control circuit 
48. The accumulated output of accumulating circuit 

47 and the output of gate circuit 21 are supplied to a 
subtracting circuit 49. Subtracting circuit 49 supplies 
its output to arrangement control circuit 48. Correct- 
ed important data (dynamic range DR) is derived at 
an output terminal 50 of arrangement control circuit 
48. 

As an example case, if DR3 among DR1 - DR4 
has an error, as shown in Fig. 7, gate circuit 23 re- 
ceives the detect signal which becomes high level at 
the location corresponding to DR3. When a control 
signal is high level, gate circuit 23 is OFF so that ac- 
cumulating circuit 47 and arrangement control circuit 

48 receive DRi other than DR3. Because it is as- 
sumed here that DRI has no error. DRI will pass 
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through gate circuit 21. 

Accumulating circuit 47 generates an accumulat- 
ed output ( DR1 ♦ DR2 ♦ DR4). Accordingly, subtract- 
ing circuit 49 subtracts the accumulated output from 
DRI1 and generates a corrected DR3 at its output. 
Arrangement control circuit 48 substitutes DR3 in 
original ORi with the corrected one and generates it. 
Regarding minimum value MIN. MIN having an error 
is corrected by operating circuit 35 in the same man- 
ner as explained above. The correction is possible 
when t he sum data has no error and only one of plural 
important data constituting the sum data has an er- 
ror. 

In the above embodiment, one macro block has 
(2^2) four ADRC blocks. It is possible to change the 
size of the macro blocks. It is also possible to record 
the sum data and the plural important data constitut- 
ing the sum data at separate channels among plural 
channels so that an error correction ability against a 
burst error in one channel can be higher. For exam- 
ple, if one macro block comprises sixteen ADRC 
blocks and six channels of data can be recorded in 
parallel, sum data of 12-bit is generated as follows: 

DRI = DR1 ♦ DR2 + 

+ DR16 

MINE = MINI ♦ MIN2 + 

- - + MIN16 

DR1 • OR6 and MINI - MIN6 are recorded into 
channels CH1 - CH6, respectively. DR7 - DR12 and 
MIN7 - MINI 2 are recorded into channels CH1 - CH6. 
DR13 - DR16 are recorded into channels CH1 - CH4 
and the sum data is recorded into channel CHS. There 
is only 1.5 bit increase per ADRC block. In this way. 
when the size of macro block becomes bigger, impor- 
tant data can be completely corrected with restrained 
increase of redundancy, when a burst error happens 
due to a tape damage or like that 

As explained above, when the sum data generat- 
ed by simple adding is recorded, the bit number in- 
creases such as from 8-bit to 10-bit One of methods 
to avoid this problem is to record the average (8 bits) 
of the sum data. When the average is used, an error 
is generated by rounding. In order to avoid the prob- 
lem, the sum data of plural important data which had 
been weighted is averaged to form the average. 

When one macro block comprises four ADRC 
blocks, the sum data is obtained by the following 
equation. The sum data of minimum values MIN is ob- 
tained in the same way. 
DR1 = (DR1 x 2 + DR2 x 1 ♦ DR3 x 1 ♦ 
DR4 x l)/5 

Fig. 8 shows an example of circuits to achieve 
this calculation. DRi is supplied to an input terminal 
51. DRi is then supplied to a circuit 52 for multiplying 
twice and a circuit 53 (merely having a buffer func- 
tion). Circuits 52 and 53 supply their outputs to two 
input terminals of a switching circuit 54. Switching cir- 
cuit 54 is controlled by a control signal supplied from 



a terminal 55. 

As shown in Fig. 9. switching circuit 54 selects 
the output of circuit 52 at the timing of DR1 and se- 
lects the output of circuit 53 otherwise. Switching cir- 
5 cuit 54 supplies its output to an accumulating circuit 
56 and the sum data of weighted DRi is derived at an 
output terminal 57. Although not shown in Fig. 9. a di- 
vision circuit for dividing by 5 is connected to the out- 
put of operating circuit 56. 

w In forming the average of the weighted sum, an 

important data which is more important than any 
other important data would have a bigger weighting 
factor. In forming four ADRC blocks, for example, if 
the first ADRC block comprises pixel data in the 

is frame, the second ADRC block comprises the differ- 
ence data of pixel data between the first and second 
ADRC blocks and the third and fourth ADRC blocks 
similarly comprise the difference data, important 
data DR1 and MINI of the first ADRC block compris- 

20 ing pixels having original pixel data are considered 
more important 

When plural sums data of important data are 
formed, some of important data constituting the sum 
data may be used to form both the sum data. Figs. 10 

25 and 11 show such an example. As shown is Fig. 11. 
let us assume two macro blocks adjacent to each 
other in the vertical direction. If same reference nu- 
meral are put to important data generated from each 
ADRC block, the sum data are formed as follows : 

30 DRI = DR1 + DR2 + DR3 + DR4 ♦ DRV 

DRI' = DRV + DR2* ♦ DR3* ♦ DR4* ♦ DR1 
The sum data of minimum values are similarly 
formed. In this way. when both DR1 and DR2 have 
errors, they can be corrected if other data have no er- 

35 ror. Although DR1 and DRV are used twice in both 
equations, DR to be used twice may change regular- 
ly. 

Referring to Fig. 10, an example of circuit con- 
struction for forming the sum data will be described. 

40 ADRC decoder supplies its code output to macro 
block-formatting circuit 4. Dynamic range DR, mini- 
mum value MIN and quantized data DT are generated 
by circuit 4 for every macro block. Dynamic range DR 
and minimum value MIN are supplied to sum data 

45 generating circuits 60a and 60b, respectively. 

In mixed sum data generating circuit 60a, as 
shown in Fig. 11, a timing aligning circuit 65 aligns 
timings of two macro blocks adjacent to each other in 
the vertical direction. Timing aligning circuit 65 out- 

50 puts from one output terminal dynamic range DRs of 
a macro block comprising ADRC blocks 1-4. Timing 
aligning circuit 65 outputs from the other output ter- 
minal dynamic range DR s of a macro block compris- 
ing ADRC blocks V - 4*. Timing aligning circuit 65 

55 comprises four line memories. 

DRs of one macro block are supplied to an adding 
circuit 66 and a gate circuit 70. DR's of the other mac- 
ro block are supplied to an adding circuit 69 and a gate 
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circuit 67. Through terminals 68 and 71, control sig- 
nals are supplied to gate circuits 67 and 70 so that 
only DR1 passes through gate circuit 70, as shown in 
Fig. 1 2. Although not shown in figures, the control sig- 
nal is supplied to gate circuit 67 so that only DR's pass 5 
through gate circuit 67. 

Accordingly, adding circuit 66 generates a result 
of addition (DR1 + DR2 + DR3 + DR4 + DRV) and 
adding circuit 69 generates a result of addition 
(DRV ♦ DR2' + DR3* ♦ DR4' + DR1). The output of jo 
adding circuit 66 is supplied to a mixing circuit 73 
through a delay circuit 72 having a delay of one macro 
block and is mixed by mixing circuit 73 with an un de- 
layed signal. Similarly, the output of adding circuit 69 
is supplied through a delay circuit 74 to a mixing cir- 75 
cuit 75 so that mixed sum data is obtained at the tim- 
ing of the first ADRC block of the next macro block. 

The output of mixing circuit 73 is supplied to a re- 
arranging circuit 76 and the output of mixing circuit 75 
is supplied through delay circuit 77 to rearranging cir- 20 
cuit 76. Delay circuit 77 has a delay of two lines. At an 
output terminal 62 of rearranging circuit 76. an output 
data composed of important data and their mixed 
data is generated. 

Regarding minimum value MIN, mixed sum data 25 
generating circuit 60b similar to the above-explained 
is provided. Minimum value MIN and their mixed sum 
data are derived from an output terminal 63. Quan- 
tized code DT is derived from an output terminal 64 
after getting through a delay circuit 61 for timing. 30 

By adding plural upper bits of important data to 
produce sum data, an increase in the number of bits 
forming the sum data can be restrained without de- 
grading a quality of video. For example, when an mac- 
ro block has sixteen ADRC blocks, the bit number 35 
forming the sum data increases from 8 bits to 12 bits 
in a case of simple adding. But if upper 4 bits of six- 
teen DC components are added, the bit number of the 
sum data can remain to be 8 bits. If the number of bits 
selected downward from MSB. accuracy would be 40 
lowered, but nearly correct data from can be restored. 

Figs. 13 and 14 are used to explain for forming 
the sum data from upper 4 bits. Fig. 13 shows a con- 
struction of circuits for dynamic range DR only. Dy- 
namic range DR from macro block formatting circuit 45 
4 is supplied to a gate circuit 81 . Gate circuit 81 is con- 
trolled by a control signal supplied from an input ter- 
minal 82. The output of gate circuit 81 is supplied to 
an accumulating circuit 83. 

Fig. 14 shows the control signal from input termi- so 
nal 82 to control gate circuit 81. Serial bits of DR1, 

DR2, DR3. DR4 are supplied to gate circuit 81 

and the control signal is at high level during the upper 
4 bits periods of DRi. Only during the period of the 
high level, gate circuit 81 is ON so that accumulating 55 
circuit 83 generates the sum data of the upper 4 bits 
of DRi. 

Not only important data, sum data of pixel data 



may be formed. Fig. 15 shows a construction of (4 x 
4) ADRC block. Reference numerals are put on quan- 
tized data DT (4 bits) of respective pixels. The sum 
data is formed according to the following equation: 

DTI = DT1 + DT2 ♦ DT3 ♦ ♦ DT15 + 

DT16 

Sum data DTI of these quantized data is also trans- 
mitted. 

According to this method, DR. MIN, DTI and 
quantized data generated in one ADRC block are 
transmitted so that one error of quantized data can 
be corrected. In addition, errors of two quantized 
data can be interpolated. For example, when 
DT7* and DT10* have errors, interpolated data is 
formed by using peripheral pixel data. That is : 

DT7 • a (DT3 ♦ DT6 ♦ DT8 ♦ DT11)/4 
DT10* = (DT6 ♦ DT9 + DT11 + DT14)/4 
(Mark * means interpolation ). Ratio of these interpo- 
lated data is calculated and the sum data DTI is ap- 
portioned according to the ratio. In this way, proper 
interpolation can be archived. 

According to the above-described embodiments 
of the present invention, because sum data of plural 
important data are recorded, redundancy slightly in- 
creases due to the recording of the sum data. How- 
ever, the redundancy is lower than when the same 
important data is recorded several times. 

Another embodiment of the present invention will 
be described hereinafter. Fig. 16 shows an outline 
construction of an embodiment of a signal processing 
system for a digital VTR. Digital video signals are sup- 
plied from an input terminal 1 01 . The digital video sig- 
nals have been produced by quantizing one sample 
into eight bits, for example. The digital video signals 
are supplied to a block formatting circuit 102. In this 
embodiment, block formatting circuit 102 divides a 
valid area of one field or one frame into DCT blocks 
having (8x8) pixels. 

Block formatting circuit 102 supplies to a DCT 
(Discrete Cosine Transform) circuit 103 the digital 
video signals which have been scan-converted in the 
order of the blocks. DCT circuit 103 generates coef- 
ficient data comprising one direct current component 
and sixty- three alternating current components. 
These coefficient data are supplied to a quantizing 
circuit 104. Quantizing circuit 104 re-quantizes the 
coefficient data by a predetermined quantizing step 
so that the number of bits of the data is reduced. 
Quantizing circuit 104 supplies its output to VLC 
(valuable length code) encoding circuit 105, whereby 
the supplied data are further compressed by the va- 
riable length encoding such as Run-length code or 
Huffman code. 

Since the direct current component generated by 
DCT circuit 103 has higher importance for restoring 
an video of that block, it is transmitted directly without 
being processed by quantizing circuit 104 and VLC 
encoding circuit 105. A frame formatting circuit 106 
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constructs the direct current component, the variable 
length code from VLC encoding circuit 105. control 
data and ID data into data having continual synch 
blocks. While an error correction encoding is carried 
out in frame formatting in a conventional system, an 
error correction encoding is not necessary in the 
present invention. 

Frame formatting circuit 106 supplies its output 
through a recording circuit 107 to a rotary head H so 
that the output is recorded on slant tracks on a mag- 
netic tape T. Recording circuit 107 includes a channel 
encoding circuit, a recording amplifier and so on. The 
channel encoding is a process to reduce direct cur- 
rent component of record data. Although two or more 
rotary heads are normally used, only one head is 
shown in Fig. 16 for simplification. 

Reproduced signals reproduced from magnetic 
tape T by rotary head H are supplied to a reproducing 
circuit 111 which comprises a reproducing amplifier, 
a channel decoding circuit and so on. so that the re- 
produced signals are channel-decoded thereby. The 
output data of reproducing circuit 111 is supplied to a 
frame deformatting circuit 112 so that various types 
of data are separated from the reproduced data. The 
output data of frame deformatting circuit 112 is sup- 
plied to a VLC decoding circuit 113 for decoding van- 
able-length codes. 

VLC decoding circuit 113 is connected to an in- 
verse-quantizing circuit 114. Inverse-quantizing cir- 
cuit 114 processes data in a manner reverse to quan- 
tizing process by quantizing circuit 104 at the record- 
ing side. The output data of inverse-quantizing circuit 
114 is supplied to an inverse-DCT circuit 115. In- 
verse-DCT circuit 115 decodes the coefficient data 
so that (8x8) pixel data of a block are restored. The 
output data of inverse-DCT circuit 115 is supplied to 
a block deformatting circuit 116. Block deformatting 
circuit 116 changes the order of data from a block or- 
der to a raster-scan order. The output data of block de- 
formatting circuit 116 is supplied to a correction cir- 
cuit 117 embodying the present invention. An output 
data is derived from an output terminal 11 8 of correc- 
tion circuit 117. 

Fig. 17 shows an embodiment of correction cir- 
cuit 117 according to the present invention. Repro- 
duced data from block deformatting circuit 1 1 6 is sup- 
plied to an input terminal 1 21 . The reproduced data is 
supplied to three-line memory 122 and the output 
data of three-line memory is supplied to a block for- 
matting circuit 123. The output data of block format- 
ting circuit 123 is supplied to an ADRC encoding cir- 

cuit 124. . 

As shown in Fig. 19. block formatting circuit 123 
forms block X1 . next, block X2 and then block X3. Ac- 
cordingly blocks which are shifted for one pixel in the 
horizontal direction are sequentially formed. Three- 
line memory 122 is provided to form the overlapping 
blocks. After blocks are formed over one line penod. 



new blocks which shift for one line will be formed be- 
low them. A center pixel of each block is.an p.xel sub- 
ject to error detection and error correction. 

ADRC encoding circuit 1 24 detects for each block 
5 maximum data MAX and minimum data MIN of pixel 
data and dynamic range DR which is the difference 
between MAX and MIN. Pixel data are quantized 
adaptive to dynamic range DR. ADRC encoding cir- 
cuit 124 generates 1-bit quantized data. 
,o Fig. 20 shows an example of ADRC encodmg cir- 

cuit 124. In Fig. 20. regarding input data supplied from 
an input terminal 151. a detecting circuit 152 detects 
maximum data MAX and minimum data MIN for each 
block. MAX and MIN are supplied to a subtracting cir- 
,5 cuit 1 53 which generates dynamic range DR. The in- 
put data and MIN are supplied to a subtract.ng circuit 
1 54 By subtracting the minimum data from subtract- 
ing circuit 154. normalized pixel data are generated. 
Dynamic range DR is supplied to a dividing circuit 
20 155 which divides the normalized pixel data by dy- 
namic range DR. Quantized data DTXtfor example, 
data up to three digits below radix point) are derived 
from an output terminal 158. In Fig. 19. DTX1. DTX2 
and DTX3 are quantized data corresponding to 
25 blocks X1 . X2 and X3. respectively. The output data 
of dividing circuit 155 is supplied to a companng cir- 
cuit 156. Comparing circuit 156 determines whether 
the divided output of eight pixels otherthan the center 
pixel are larger than or smaller than 0.5. According to 
30 this determination, data DT which is "O" or "1" are 
generated for each pixel. Data DT are derived from an 
output terminal 157. 

Referring back to Fig. 17. the above-explained 
data DT included in the output data of 1-bit type 
35 ADRC encoding circuit 124 are supplied to a timing 
aligning circuit 125. Quantized data DPX are supplied 
to a selector 126 and comparing circuits 130 and 131. 
Timing aligning circuit 125 changes timings of data 
DT of eight pixels other than the center pixel of that 
40 block so that their timings become concurrent. The 
output data (eight bits) of timing aligning circuit 125: 
that is. class information, are supplied to a memory 
129a as a read address. „. AV a 
Memory 129a stores range defining data (MAX 
45 and MIN*) for each class and representative data 
(DTx A ) which have been predicted for each class. 
These data have been prepared by in-advance train- 
ing as explained later. The representative data are 
read out from memory 129a in accordance with the 
so class information supplied from timing aligning circuit 

125 Representative data DTx* which has been read 
out is supplied to a selector 126. MAX* and MIN* 
which have been read out are supplied to companng 
55 circuits 130 and 131. respectively. The outputs of 
comparing circuits 130 and 131 are supplied to a logic 
circuit 132 which in turn generates a control signal to 
control selector 126. Comparing circuits 130 and 131 
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function as a window comparator. Where MAX* < DTx 
< MIN A , quantized data OTx exists a range within 
which they should be. Therefore, it is determined that 
data DTx has no error. Where DTx < MIN or DTx > 
MAX\ it is determined that data DTx has an error. 

If there is no error, selector 126 selects output 
data DTx of ADRC encoding circuit 124. If it is deter- 
mined that there is an error, selector 126 selects data 
DTx A read out from memory 129a. Accordingly, data 
DTx A is selected in place of data which is determined 
to have an error. The selected output of selector 126 
and DR and MIN from ADRC encoding circuit 124 are 
supplied to an ADRC decoding circuit 127. 

Opposite to the above-explained encoding. 
ADRC decoding circuit 127 multiplies dynamic range 
DR and the output data of selector 126 and adds the 
result of the multiplying and minimum data MIN. Er- 
ror-corrected output data are derived from an output 
terminal 128 of ADRC decoding circuit 127. In this 
manner, pixel data with an error can be corrected 
without using an error correction code. 

Memory 129a stores the range defining data pre- 
pared by in-advance training and representative data 
predicted for each class. Fig. 18 shows a constructs 
of the training. In Fig. 18. input digital video signals 
are supplied to an input terminal 141 and then, sup- 
plied to a block formatting circuit 143 through a three- 
line memory 142. The output of block formatting cir- 
cuit 143 is supplied to an ADRC encoding circuit 144. 

Three-line memory 142. block formatting circuit 
143 and ADRC encoding circuit 144 are the same as 
three-line memory 122. block formatting circuit 123 
and ADRC encoding circuit 124 in the above- 
explained correction circuit 117. However, it is prefer- 
able forthe training thatthe input data is standard vid- 
eo data; for example, video signals composed of still 
picture videos of various texture (picture). Compan- 
son output DT included in the output of ADRC encod- 
ing circuit 144 is supplied to a timing aligning circuit 
145. Quantized data DTx is supplied to a memory 
146a as input data. Like above-explained timing cir- 
cuit 125. timing aligning circuit 145 makes the com- 
parison outputs of eight pixels other than the center 
pixel of a (3x3) block a parallel data. 

8-bit output of timing aligning circuit 145 is sup- 
plied to a memory 146a as write addresses. An ad- 
dress counter 147 generates read addresses for 
memory 146a. Write addresses for memory 146a are 
8-bit class information supplied from timing circuit 
145. For each of 256 classes, quantized data DTx 
which has been actually obtained for the center pixel 
is written onto memory 146a. 

After the writing process is finished, data stored 
in memory 46a at each address (each class) is read 
out in accordance with a read address from address 
counter 147. The read address increments from 0 to 
255. Data read out are supplied to an averaging circuit 
148 and a detecting circuit 149. Averaging circuit 148 



predicts representative data DTx A for each dass. De- 
tecting circuit 149 detects maximum data of MAX A 
and minimum data MIN A of quantized data for each 
class. 

5 The outputs of averaging circuit 148 and detect- 

ing circuit 149 are supplied to a memory 129a as input 
data and are written thereon at the address defined 
by the output of address counter 147. As a result of 
this training, memory 129a stores a class information 
10 defined by eight pixels in a 3x3 block, representative 
quantized data ( DTx A ) of that class and the range de- 
fining data of that class (MAX\ MIN A ). As described 
above, memory 129 is used in correcting circuit 117. 
Because Fig. 18 is used to show a principle of the 
is training in a easy way. infinite data area for each ad- 
dress would be necessary and it would not be practi- 
cal. Therefore, circuits as shown in Fig. 21 are actual- 
ly used. 8-bit class information from timing aligning 
circuit 145 is supplied to a switching circuit 161 . Quan- 
20 tized data DTx is supplied to comparing-and-select- 
ing circuits 165 and 166 and an adding circuit 1 67. 

Switching circuit 161 selects an output terminal b 
during the first half (reading period) of one block per- 
iod and selects an output terminal a during second 
25 half (writing period). Write addresses from output ter- 
minal a of switching circuit 161 are supplied to a mem- 
ory 146b. Output terminal b is connected to an input 
terminal d of a switching circuit 163. The output of ad- 
dress counter 162 is supplied to an input terminal c of 
30 switching circuit 163. Address counter 162 corre- 
sponds to address counter 147 as shown in Fig. 18. 
Switching circuit 163 selects read addresses from in- 
put terminal d during the training and selects read ad- 
dress from input terminal c after the training ends. 
35 Memory 146b has maximum data, minimum 

data, accumulated data and count data CNT (count 
data CNT will be explained later) as input and output 
data. The accumulated data from memory 146b is 
supplied to an adding circuit 167 and a dividing circuit 
40 168. The output of adding circuit 167 is input data to 
memory 146b. Accordingly, the accumulated data of 
quantized data of each class is input to memory 146b. 

Comparing-and-selecting circuit 165 receives 
quantized data DTx and the minimum data from 
45 memory 146b. and selects and sends the smaller 
data to memory 146b. Comparing-and-selecting cir- 
cuit 166 receives quantized data DTx and the maxi- 
mum data from memory 146b. and selects and sends 
the larger data to memory 146b. Count data CNT is 
50 supplied to an adding circuit 164 and +1 is added 
thereby. The added data is input to memory 146b. 

Writing operation of memory 146b is carried out 
after reading operation thereof. According to the 
above circuits, when the training period ends, mem- 
55 ory 146b stores the accumulated data of quantized 
data, the maximum data, the minimum data and fre- 
quency of the happening for every class. After the 
training, switching circuit 163 changes its selection 
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so that incrementing addresses from address counter 
162 are supplied to memory 146b and memory 129 
as read address and write address, respectively. 

An dividing circuit 168 divides the accumulated 
data from memory 146b by count data CNT. There- 
fore, dividing circuit 168 outputs average data, that is. 
predicted quantized data DTx A and DTx A is written in 
memory 129b. The maximum data and minimum data 
from memory 146b are written into memory 129b as 
range defining data MAX A and MIN\ By using the cir- 
cuits as shown in Fig. 21. it can be avoided that data 
area necessary for each address becomes infinite. 

Next, another embodiment of the present inven- 
tion will be described. An overall construction of a re- 
cording circuit and reproducing circuit in the another 
embodiment is the same as shown in Fig. 16. Fig. 22 
shows another embodiment of correcting circuit 117. 
Circuit blocks corresponding to the above-explained 
embodiment of correcting circuit 117 (Fig. 17) will 
have the same reference numerals. Through an train- 
ing which will be described later, memory 129c stores 
weighting factor data o>1 - co8 and allowance data a 
for errors. 

A block formatting circuit 123 sequentially forms 
blocks of 3x3 pixels (Pixel data in a block are shown 
by a-i). Actual data e of its center pixel is supplied to 
a comparing circuit 171 and a selector 175. The eight 
pixel data other than the center pixel data are sup- 
plied to an ADRC encoding circuit 124 and an operat- 
ing circuit 172. Although ADRC encoding circuit 124 
is the same as shown in Fig. 20. it generates only 
comparison output OT of eight pixels. A timing align- 
ing circuit 125 which is connected to ADRC encoding 
circuit 124 forms 8-bit class data which is supplied to 
a memory 129c as a read address. 

Weighting factor data a>1 - a>8 from memory 1 29c 
are supplied to operating circuit 172. Operating circuit 
172 generates a predicted data e A of the center pixel 
e as follows : 

e A = 0)1 a + co2b ♦ o>3c ♦ + co6i 

Predicted data e A from operating circuit 172 and 
error allowance data a are supplied to an adding cir- 
cuit 173 which generates e A ♦ a. Predicted data e A 
from operating circuit 1 72 and error allowance data a 
are supplied to a subtracting circuit 173 which gener- 
ates e A • a. The output data of adding circuit 173 and 
subtracting circuit 174 are supplied to a comparing 
circuit 171. 

Comparing circuit 171 determines that there is no 
error when e A - a < e < e A ♦ a. It determines that there 
is an error, otherwise. Comparing circuit 1 71 gener- 
ates a control signal to a selector 175. When there is 
no error, selector 175 selects actual data e. When 
there is an error, selector 175 selects predicted data 
e\ Selector 175 generates a corrected output data 
from its output terminal 1 76. 

Fig. 23 shows a training circuit to store necessary 
data in memory 129c. For the training purpose, digital 



video signals of standard pictures are supplied to an 
input terminal 141. Circuit blocks corresponding to 
those as shown in Fig. 18 will have the same refer- 
ence numerals. A block formed by a block formatting 

5 circuit 143 composes of pixel data a - i. as shown in 
Fig. 23. Data of each block are supplied to an ADRC 
encoding circuit 144, an identifying circuit 177 and an 
error operating circuit 1 78. 8-bit class data from a ti rrv 
ing circuit 144 and sequential addresses from an ad- 

w dress counter 147 are supplied to identifying circuit 
177. 

Identifying circuit 177 identifies weight factors 
o>1 - o>8 in such a manner that the sum of squares of 
errors becomes the least by using a least-squares 

is method. Identifying circuit 1 77 has a data memory. In 
this data memory, pixel data in a block are stored at an 
address which is class information. For example, at an 
address corresponding to one dass. (a1 . a2. — . an) for 
pixel data a, (b1. b2. — . bn) for pixel data b. (d. c2. — . 

20 cn) for pixel data c — and (i1 , i2 — . in) for pixel data 
for i are stored. At other addresses corresponding to 
other classes, pixel data are similarly stored. 

Next, by a least-square method using the stored 
data, weighting factor data col • a>8 to minimize error 

25 are calculated. Paying attention to one class, the fol- 
lowing equations can be made for this class. 

e1 = o>1a1 ♦ o)2b1 + co3d + 

+ o>8i1 

e2 = ct)1a2 + cu2b2 ♦ a>3c2 + 

30 + o>8i2 



en = a>1an + a>2bn ♦ co3cn + 

+ co8in 

35 Because a1 - an, b1 - bn, — and i1 - in are known 

here, weighting factors o>1 - o>8 to minimize a sum of 
squares of errors with respect to actual data e1 - en 
can be calculated. The same calculations are carried 
out for other classes. o>1 - co8 for each class catculat- 

40 ed by identifying circuit 177 are sequentially written 
in memory 129c at addresses from address counter 
147. 

Error operating circuit 178 operates identified 
weighting factors o>1 - co8 and actual data in a block 

45 other than e and generates predicted data e\ Error 
operating circuit 178 calculates an error between ac- 
tual data e and predicted data e\ The calculation to 
detect the error is carried out for every class. Regard- 
ing one class, the following plural error data Ei are cal- 

50 culated 

E1 = e A 1 - e1 
E2 = e A 2 - e2 



55 En = elan - en 

The output data E1 - En of error operating circuit 
178 are supplied to a detecting circuit 179. Detecting 
circuit 179 detects maximum MAX and minimum MIN 

12 
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of error of each class. The output of detecting circuit 
179 is supplied to a multiplying circuit 180. A prede- 
termined coefficient N (where 0 < N < 1) is supplied 
to an input terminal 181 of multiplying circuit 180. Mul- 
tiplying circuit 180 carries out the following calcula- s 
tion to generate error allowance data a . 

a = (MAX - MIN) x N/2 
It is preferable that the value of N is chargeable. 

Data a generated by multiplying circuit 180 are 
sequentially written in a data area at each address in to 
memory 129c. By the above training, weighting fac- 
tors <o1 - o>8 and error allowance data a are respec- 
tively stored in a data area at each address. Memory 
129c is then used in the correcting circuit as shown 
in Fig. 22. By using data stored in memory 129c, the 15 
detection of whether there is an error and the correc- 
tion thereof are possible. 

Referring to Fig. 24, a further embodiment of the 
present invention will be described. In the above- 
explained correction circuit as shown in Fig. 22. al- 20 
lowance data a read out from memory 129c is fixed. 
The further embodiment has a learning function in 
which a varies in accordance with frequency of a er- 
ror. In Fig. 24, circuit blocks corresponding to those 
of Fig. 24 will have the same reference numerals. 25 

Allowance data a read out from memory 129c is 
supplied to anadding circuit 173 and a subtracting cir- 
cuit 174 through a multiplying circuit 182. Multiplying 
circuit 182 is a circuit to vary a. As described above, 
comparing circuit 171 generates a 1-bit output signal 30 
which shows whether a reproduced pixel data e has 
an error. This output signal is supplied to a counter 
183 which counts the output signal (for example. "I") 
showing the existence of an error. Although not 
shown in Fig. 24. counter 183 is reset every line. 35 

As shown in Fig. 25. block formatting circuit 123 
sequentially forms blocks of 3x3 pixels. Counter 183 
counts errors for plural blocks composed of three line 
of pixel data. A latch 184 latches the count of counter 
1 83 and the output of latch 184 is supplied to a ROM 40 
185 as a read address. ROM 185 generates coeffi- 
cient K (0 < K S 1 ) for varying a. Coefficient K is sup- 
plied to multiplying circuit 182. Multiplying circuit 182 
generates Ka which is used for processing next one 

45 

A table stored in ROM 183 has a characteristic 
that when there are fewer errors, K is a small number, 
and that when there are many errors, K is a bigger 
number. When there are fewer errors, reproduced 
data is used more often by narrowing error allowance so 
or. On the other hand, when there are many errors, 
data correction is made more often by widening error 
allowance ex. This results in the improvement of repro- 
duced video quality. 

Unlike the above embodiment of the correcting 55 
circuit, the training may be done regarding DCT coef- 
ficient and the correction may be done by using the 
OCT coefficient As a block encoding to compress the 

13 



amount of recording data. ADRC. vector-quantization 
and so on other than DCT may be used. 

As described above, errors of received or repro- 
duced video data can be corrected without using an 
error correction code. Accordingly, an increase in re- 
dundancy of transmitted data can be avoided. As 
shown in Fig. 26. there is extremely high probability 
of that actual data of each class exists around the 
representative quantized data as the center and ex- 
ists within a range between maximum data MAX and 
minimum data MIN which had been prepared for ev- 
ery class through the training. Therefore, the error 
correction can be achieved with high accuracy. 



Claims 

1. A data transmission apparatus for transmitting 
block code data generated by block encoding in 
which a block of plural pixels proximate in space 
is encoded as a unit of encoding to compress a 
data amount for the transmission, wherein said 
block code data includes important data which 
has high importance for decoding purpose, said 
transmission apparatus being characterized in 
that: 

a sum data of said plural important data is 
formed; 

said sum data is transmitted in time and 
space different from that of said plural important 
data: and 

said plural important data are restored 
from received said sum data and received said 
plural important data. 

2. A data transmission apparatus for transmitting 
block code data generated by block encoding in 
which a block of plural pixels proximate in space 
is encoded as a unit of encoding to compress a 
data amount for the transmission, wherein said 
block code data includes important data which 
has high importance for decoding purpose and 
wherein said block code data is transmitted in 
plural channels, said transmission apparatus be- 
ing characterized in that: 

a sum data is formed by operating a plur- 
ality of said important data fewer than the num- 
ber of said channels; 

said sum data is transmitted in a channel 
other than channels for transmission of said im- 
portant data constituting said sum data; and 

said plural important data are restored 
from received said sum data and received said 
plural important data. 

I. A data transmission apparatus for transmitting 
block code data generated by block encoding in 
which a block of plural pixels proximate in space 
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is encoded as a unit of encoding to compress a 
data amount for the transmission, wherein said 
block code data includes important data which 
has high importance for decoding purpose, said 
transmission apparatus being characterized in 5 
that: 

a weighted average data is formed for said 
plural important data; 

said weighted average data is transmitted 
in time and space different from that of said plu- 10 
ral important data; and 

said plural important data are restored 
from received said weighted average data and re- 
ceived said plural important data. 

15 

A data transmission apparatus for transmitting 
block code data generated by block encoding in 
which a block of plural pixels proximate in space 
is encoded as a unit of encoding to compress a 
data amount for the transmission, wherein said 20 
block code data includes important data which 
has high importance for decoding purpose, said 
transmission apparatus being characterized in 
that: a sum data is formed for a unit of said plural 
important data by operating said plural important 25 
data in that unit and at least one important data 
in another unit: 

said sum data is transmitted in time and 
space different from that of said plural important 
data; and 30 

said plural important data are restored 
from received said sum data and received said 
plural important data. 

A data transmission apparatus for transmitting 35 
block code data generated by block encoding in 
which a block of plural pixels proximate in space 
is encoded as a unit of encoding to compress a 
data amount for the transmission, wherein said 
block code data includes important data which 40 
has high importance for decoding purpose, said 
transmission apparatus being characterized in 
that: a sum data is formed for a unit of said plural 
important data by operating said plural important 
data in that unit and at least one important data 45 
in another unit, wherein a type of said plural im- 
portant data changes regularly; 

said sum data is transmitted in time and 
space different from that of said plural important 
data; and 50 

said plural important data are restored 
from received said sum data and received said 
plural important data. 

A data transmission apparatus for transmitting 55 
block code data generated by block encoding in 
which a block of plural pixels proximate in space 
is encoded as a unit of encoding to compress a 



data amount for the transmission, wherein said 
block code data includes plural data, said trans- 
mission apparatus being characterized in that: 

a sum data of said plural data is formed; 

said sum data is transmitted in time and 
space different from that of said plural data; 

when one of received said sum data and 
received said plural data has an error, the data 
having an error is restored from said sum data 
and the remaining plural data having no error 

when a plurality of received said data have 
errors, an interpolated data is formed by interpo- 
lating the data having an error in space or in time; 
and 

the errors of said received plural data are 
corrected based upon said interpolated data and 
said sum data. 

7. A data transmission apparatus for transmitting 
block code data generated by block encoding in 
which a block of plural pixels proximate in space 
is encoded as a unit of encoding to compress a 
data amount for the transmission, wherein s;aid 
block code data includes plural data, said trans- 
mission apparatus being characterized in that: 

a sum data is formed by adding bit data 
from MSB to a predetermined bit position with re- 
spect to said plural data; 

said sum data is transmitted in time and 
space different from that of said plural data; and 

said plural data are restored from received 
said sum data and received said plural data. 

8. A data transmission apparatus for transmitting 
digital video signals, having error detecting 
means for detecting errors of received or repro- 
duced digital video signals, said error detecting 
means comprising: 

clustering means for clustering based 
upon plural pixel signals proximate in space or in 
time to a pixel to be detected; 

memory means for storing exist ing-range 
data which has been provided in advance by 
training for each class; 

reading means for reading out said exist- 
ing-range data for a class corresponding to an 
address data which is defined by an output of said 
clustering means; and 

comparing means for comparing an output 
of said reading means and pixel data of the pixel 
to be detected, whereby whether an error exist or 
not is detected based upon an output of said com- 
paring means. 

9. A data transmission apparatus according to claim 
8. wherein said memory means further stores in- 
formation regarding representative data for each 
class, and wherein the pixel data to be detected 



14 



25 



EP 0 597 576 A2 



26 



is substituted with representative data formed 
based upon the information regarding represen- 
tative data when the existence of an error is de- 
tected based upon the output of said comparing 
means. 



5 



output of said counter means. 



10. A data transmission apparatus according to claim 
8. wherein the reproduced or received digital vid- 
eo signals are encoded video signals, said appa- 
ratus further comprising decoding means for de- 10 
coding the encoded video signals, and said clus- 
tering means clustering based upon decoded out- 
puts of plural pixel data proximate to the' pixel 
data to be detected. 



11. A data transmission apparatus according to claim 
8. wherein the encoded video signals are made 
by variable-length encoding a coefficient data 
obtained by DCT. 



1 2. A data transmission apparatus according to claim 
8. wherein said clustering means comprises 
ADRC encoding means and is supplied with the 
pixel data to be detected and the plural pixel data 
proximate thereto, and wherein among the en- 25 
coded data the encoded data corresponding to 

the plural pixel data are used as a class informa- 
tion. 

1 3. A data transmission apparatus according to claim 30 
6, wherein the existing-range defining data is the 
maximum and minimum of actual data detected 

for each class. 

14. A data transmission apparatus according to claim 35 
8, wherein the information regarding representa- 
tive data is an average of actual data detected for 
each class. 

15. A data transmission apparatus according to daim 40 
8, wherein the existing-range defining data is a 
coefficient data which is operated with the plural 
proximate pixel data, and an error allowance in- 
formation. 



16. Adata transmission apparatus according to claim 
9. wherein the information regarding representa- 
tive data is a coefficient data which is operated 
with the plural proximate pixel data and wherein 

the representative data results from the opera- so 
tion of the coefficient data and the plural proxi- 
mate pixel data. 

1 7. A data transmission apparatus according to clai m 

1 5, further comprising counter means for count- 55 
ing the number of pixels having detected errors 
in a certain period and wherein the error allow- 
ance information can vary in accordance with an 
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